To critically review the current data concerning the efficacy of preventive measures described in the literature, on the incidence of lateral ankle ligament injuries.
INTRODUCTION
Participation in physical activity is beneficial for health. 1 For this reason people are encouraged to participate in regular physical activities. However, sport injuries are unwanted side effects that accompany sports participation. Contact sports, indoor sports, and sports with a high jump rate have a high incidence rate of sport injury, 2 of which the most common location is the ankle joint. [3] [4] [5] [6] [7] [8] Most ankle injuries are ankle sprains, which occur during forced plantar flexion and inversion of the foot. [9] [10] [11] [12] Athletes who suffer from ankle sprains are more likely to reinjure the same ankle, 13, 14 which can result in disability and can lead to chronic pain or instability in 20 to 50% of these cases. [15] [16] [17] The high incidence of ankle sprains in both contact and noncontact sports, and their negative consequence for future sports participation, call for preventive measures. In the attempt to prevent ankle sprains prophylactic taping, 11 braces, 11 specially designed shoes, 18 and proprioceptive training (i.e., balance board training) 7 have been used. Many reports have been published in which the effects of each of these preventive measures have been studied. [18] [19] [20] [21] [22] [23] [24] Prophylactic taping has an effect by reducing range of motion of plantar flexion and inversion of the ankle. 19, 20 However, research has shown that this restricting effect of taping is lost after varying periods of exercise. [21] [22] [23] This loss of effect does not occur when using a brace. 22, 24 Taping can be applied individually similar to braces, but the use of braces is more cost effective. Re-search has also shown that high-top shoes can provide support to the ankle. However, the mechanisms and effect of this preventive method are not clear. 18 More recent research strengthened the idea that the abovementioned methods act more by improving the players feedback mechanisms on the position and orientation of the plantar foot surface with respect to the leg, than by restricting the range of ankle movement. 25 This has put forward the idea of improving proprioception of the ankle joint by balance board training to prevent ankle sprains from occurring.
As described above, the various preventive measures form a maze of benefits and drawbacks. Not all of the clinical effects are totally clear. Therefore, a critical review of available literature is necessary to find an answer for the following question: "What is the effect of preventive measures described in the literature on the incidence of lateral ligament injury of the ankle?"
METHODS

Study Selection
Published studies relating preventive measures for ankle ligament injuries were identified using a MED-LINE, Sportdiscus, and EMBASE computerized literature search for papers published between 1980 and December 1998. Keywords used in the search were "prevention" in combination with "ankle," "ankle taping," "ankle bracing," "orthosis," "shoes," and "proprioception." Results of this literature search are presented in Table 1 . Reference lists of identified studies also were searched for relevant literature.
A study was included if: 1) the study contained research questions regarding the prevention of lateral ankle ligament injuries; 2) the study was a randomized controlled trial (RCT), a controlled trial (CT), or a time intervention; 3) the results of the study contained incidence rates of lateral ankle ligament injuries as study outcome; and 4) the study met the cut-off score set for quality.
Quality Assessment
Three reviewers (E.A.L.M.V, W.dV. and W.vM.) first reached agreement on the span and implementation of a set of 14 predefined criteria ( Table 2 ). The 14 criteria in Table 2 were adapted from De Bie, 28 Borghouts et al., 29 and Thomas and Nelson, 30 and modified to cover the topic of this review.
Two reviewers (E.A.L.M.V. and W.dV.) then reviewed relevant studies for strengths and weaknesses in design and methodology, according to this standardized set of predefined criteria. Each item of a selected study that met a criterion was assigned a "1" (positive). If the item did not meet a criterion or was not described at all, a "0" was assigned. Thus, the highest attainable score was "14." It was planned that in a consensus meeting both reviewers would try to reach agreement on items on which they might have different opinions. If no accord was reached, then a third reviewer (W.vM.) would make the final decision. This latter situation, however, did not occur. In order to establish the validity and proper use of this set of predefined criteria, the interrater agreement, expressed as Cohen's Kappa, was calculated.
Studies scoring 60% or more ("9" or more) of the maximum attainable score were considered to be of "high quality" and were taken into further analysis. The choice for this cut-off score was completely arbitrary; and in accordance with Borghouts et al., 29 who used the same arbitrary choice of cut-off score and stated this to be the best way to make a discrimination between "high quality" and "low quality" studies.
RESULTS
Selected Studies
A total of eight studies (six randomized controlled trials, 14, [31] [32] [33] 35, 36 one prospective cohort study, 7 and one retrospective study 34 ) were identified as being relevant. The results of the methodological quality score of the eight studies are presented in Table 3 . Initially there was disagreement on 14 (13%) of the 106 criteria scored. The methodological quality score had to be adjusted for the two non-RCT studies. For these studies a score could not be assessed for criteria B, C, and G. There was a very good interrater agreement ( ‫ס‬ 0.73). The methodological quality score varied between studies from 65% 14,36 to 93% 32, 35 of the maximal attainable score, and all studies met the predefined cut-off score. Characteristics of the eight relevant studies are presented in Table 4 .
Six studies were classified as randomized controlled trials, 14, [31] [32] [33] 35, 36 of which all reported a randomization procedure. In three of these RCTs 14,33,36 the control and intervention group were not homogenous. All studies reported the level of sports activity, while only four reported the exposure time of sports activity. 7, 31, 32, 35 Testing and intervention procedures were sufficiently described in all studies, with the exception of one study. 7 Only four studies 14, [33] [34] [35] corrected for accurate variables, and only one study 32 described dropouts for each group. Overall, all studies reported a significant decrease in incidence of ankle sprains using the studied preventive measure.
Critical Review
Two studies investigated the effect of the use of prophylactic taping in preventing ankle injuries. 33, 34 Garrick   TABLE 1 . Results of the computerized literature search in MEDLINE, Sportdiscus and EMBASE, using the keywords "prevention" in combination with "ankle", "ankle-taping", "ankle-bracing", "orthosis", "shoes" and "proprioception" and Requa 33 were one of the first attempting to find a relationship between prophylactic taping and the incidence of ankle sprains. In a 2-year prospective study of 2,526 college-aged intramural basketball players, researchers found that taping reduced the incidence of sprains (14.7 sprains per 1,000 player games in the taped group versus 32.8 sprains per 1,000 player games in the untaped group). Another finding was that the severity of ankle sprains in the taped group was of a lesser degree overall than the sprains sustained in the untaped group. The authors mentioned, however, that the taped group included higher proportions of previously injured athletes than did the untaped group (66% versus 51%). This would suggest that prophylactic ankle taping is even more effective than reported. No in-depth statistical analysis was carried out though, which the authors ascribe to the small number of injured athletes in the study. Therefore, the span and weight of the conclusions derived from the data are limited in this study. Rovere et al. 34 compared taping with laced ankle stabilizers in a 6-year retrospective study of 297 college football players. Laced ankle stabilizers were found to be twice as effective in preventing ankle injuries than taping (2.56 sprains per 1,000 injury exposures versus 4.91 sprains per 1,000 injury exposures). They suggested that by retightening the stabilizers, the players periodically returned the stabilizers to their level of maximal support, while the tape loosened with time and mechanical stress. Their study, however, compared only two groups (prophylactic taping and laced stabilizers) and did not contain a control group with athletes wearing no prophylactic measures. This makes the "true" effect of prophylactic taping on the incidence of ankle sprains unclear, which makes it not possible to compare their results with the results of Garrick and Requa. 33 Based on the outcome of these two studies the prophylactic effect of taping must not be discarded, but the use of a brace seems to be more effective.
Both studies also reported an association between shoe type and incidence of ankle sprains. Garrick and Requa 33 found high-top shoes to be more protective than low-top shoes, particularly among athletes with taped ankles. On the contrary, Rovere et al. 34 found low-top shoes to be more protective than high-top shoes when both were combined with laced stabilizers. Barrett et al. 32 investigated the effects of low-top shoes, high-top shoes, and 14 R C T  0  1  1  0  1  0  1  1  1  0  1  1  1  0  9  3  8  8  4  6  3  8  8  8  6  8  4  7  1  7 2 * This study was not a randomized controlled trial, therefore a score for B (Is a randomization procedure mentioned?), C (Are the intervention and control group homogenous with regard to the subject characteristics?), and G (Are the dropouts described for each group separately?) could not be assessed.
RCT, randomized controlled trial.
TABLE 2. Criteria list for the assessment of the methodological quality score of studies on the prevention of lateral ankle ligament injuries
Criteria Score (A) Are relevant subject characteristics described? 1-Age 0/1 2-Gender 0/1 3-Level of sports activity (e.g., amateur or professional) 0/1 4-Time of sports activities (e.g., hours/week or minutes/week) 0/1 (B) Is a randomization procedure mentioned? 0/1 (C) Are the intervention and control groups homogenous with regard to the subject characteristics? 0/1 (D) Is a definition for "injury" given? 0/1 (E) Are testing or intervention procedures described and performed in sufficient detail?
1-Applied preventive measure 0/1 2-Time span of intervention 0/1 3-Control of compliance to the intervention 0/1 (F) Are the research design and statistical analysis sufficient?
1-Statistical analysis is consistent with the research design 0/1 2-Corrected for accurate variables 0/1 3-Are all relevant statistical outcomes presented (e.g. mean, SD, p-value) 0/1 (G) Are the dropouts separately described for each group? 0/1 high-top shoes with inflatable airchambers on the incidence of ankle sprains in a prospective randomized controlled study of 581 college-aged intramural basketball players. The major finding of this study was that there was no difference between high-top and low-top basketball shoes in the incidence of ankle sprains. However, the overall ankle injury rate in this study was considerably less than rates reported in previous studies. The overall injury rate in this study was 8.21 sprains per 1,000 player games, compared with 30.4 and 33.4 sprains per 1,000 player games in the study of Garrick and Requa. 33 Barrett et al. 32 gave several explanations for this discrepancy. First, the players in their study all played in new basketball shoes, which is believed to protect against ankle sprains. If this is true then shoe height does not play an important role in injury prevention, but the efficacy of shoes lies more in the newness of the footwear. Consequently, this may have resulted in a bias in the other studies. 33, 34 Second, the games observed were only 30 minutes in duration, which is shorter than the game duration in the other studies. This possibly allows fatigue to become a risk factor in sustaining an ankle sprain in games of longer duration. More studies reported on the efficacy of ankle braces in preventing ankle injuries. 14, 31, 35, 36 Tropp et al. 14 studied the effect of an ankle orthosis on ankle injury incidence in a 6-month prospective randomized study of 439 male soccer players. Of the subjects in the group using the ankle orthosis 3% sustained an ankle sprain, while in the control group this percentage was significantly higher (17%). For subjects with previous ankle sprains a significant effect also was found; the percentages for the braced group and the control group were 5% versus 25%, respectively. Such a difference could not be found for the subjects without previous ankle sprains. However, the results of this study are limited for a number of reasons: self-selection of players into the groups, diagnosis made by the coach, small sample size that did not allow comparison between players with previous ankle sprains and those without, and risk exposure in each group was not quantified. It can be concluded from this study that braces are effective in preventing ankle injuries, but it is not known whether this effect is greater for persons with previous ankle sprains or for those without. Amoroso et al. 31 fitted 369 paratrooper with outside-the-boot braces and compared the incidence of ankle injuries over 5 parachute jumps with 376 nonbrace wearers, resulting in a total of 3,674 parachute jumps. They found that significantly more inversion ankle sprains occurred in nonbraced group (1.9%) than in the braced group (0.3%), with a risk ratio of 6.9:1. Another finding was that the severity of sprains in the braced group (one grade I sprain) was of a lesser degree than the sprains sustained in the nonbraced group (four grade I sprains and three grade II sprains). This study, however, has a low rate of injuries in general and of ankle injuries in particular, especially when compared with the study of Tropp et al. 14 The authors ascribe this to the controlled environment of the Airborne School, with a strict reliance on well-developed and thoroughly tested safety procedures. This makes the data of this study not comparable with other studies, which do not have such a controlled environment. The results, however, lead to the same conclusions: Ankle braces are effective in preventing ankle ligament injuries.
A study by Sitler et al. 35 evaluated the effect of a semirigid ankle orthosis in a 2-year randomized clinical trial of 1,601 intramural basketball players. They found an injury rate of 1.6 per 1,000 athlete-exposures for the group wearing the brace and a rate of 5.2 per 1,000 athlete-exposures for the group wearing no brace, where one athlete-exposure equals one game or practice. Regarding contact injuries, they found that players who wore the braces had significantly fewer ankle injuries than did players in the control group. However, for noncontact ankle injuries no statistical difference existed between the braced and control groups. A similar study by Surve et al. 36 evaluated the effect of the same semirigid ankle orthosis during one soccer-playing season. Senior soccer players were divided into two groups: players with previous ankle sprains (258) and players without such history (246). The players in these groups were then each randomly allocated to either a semirigid orthosis or a control group. In the group with previous ankle sprains a significant lower incidence of ankle sprains was found in the braced group (0.46 per 1,000 playing hours), compared with the control group (1.16 per 1,000 playing hours). For the group without previous ankle sprains no significant differences in ankle sprain incidence were found between the braced and the control group, as in the study of Tropp et al. 14 Another finding in this study was that significantly less severe sprains were found in the braced group with previous sprains than in the unbraced group with previous sprains.
Bahr et al. 7 introduced an injury prevention program to different volleyball clubs, consisting of injury awareness, treatment and rehabilitation of acute ankle injuries, proprioceptive training, and technical training. The use of balance board training was strongly recommended for players with previous ankle sprains. The use of taping and braces was also encouraged. A 47% reduction in the incidence of ankle sprains (from 0.9 to 0.5 per 1,000 player hours) from the baseline season to the intervention season was observed. Nothing can be said about the efficacy of balance board training from these results, since a variety of intervention factors might have been responsible for the decrease in the number of ankle sprains. Also, the risk of reinjury was reduced in previously injured ankles. These findings are suggestive that the balance board training may have some preventive effect. Tropp et al. 14 also prospectively investigated the effect of balance board training on the incidence of ankle injuries. Of the subjects in the group with balance board training, 5% sustained an ankle sprain, which was significantly lower than the number of ankle sprains sustained in the control group (17%). For subjects with previous ankle sprains a significant effect also was found, the percentages for the ankle disk group and the control group were 2% and 25%, respectively. The incidence of ankle sprains was 5% for the group with previous ankle sprains and balance board training, as well as the group without previous ankle sprains and without balance board training. From these findings the conclusion was drawn that ankle disk training reduces the incidence of ankle sprains among subjects with a history of ankle sprains to the same level as subjects without any history of ankle sprains, and to the same level as the group of subjects using the orthosis. Therefore, it can be concluded that ankle disk training seems effective in preventing recurrent ankle sprains.
CONCLUSIONS
Not much attention has been paid to the clinical effect of preventive measures on the incidence of lateral ankle ligament injury. The majority of studies describe the restrictive effect of taping, braces, and shoes on ankle range of motion, and the effect of taping, braces and shoes on ankle joint proprioception. However, a restrictive or proprioceptive effect does not imply a reduction in injury incidence. Based on the clinical evidence currently available, the following conclusions can be drawn:
• The use of either tape or braces reduces the incidence of ankle sprains. Next to this preventive effect, the use of either tape or braces also results in less severe ankle sprains. Braces, however, seem to be more effective in preventing ankle sprains than tape. • It is not clear which athletes are to benefit more from the use of preventive measures: those with or those without previous ankle sprains. Braces, however, seem to be effective only in athletes with previous ankle sprains; this cannot be concluded for the use of tape. • The efficacy of shoes in preventing ankle sprains is unclear. It is likely the newness of the footwear plays a more important role than shoe height in preventing ankle sprains. • Proprioceptive training reduces the incidence of ankle sprains in athletes with recurrent ankle sprains to the same level as subjects without any history of ankle sprains. • Future studies, preferably using a randomized controlled design, should try to establish the clinical effect of braces in ankle sprain incidence reduction. The use of braces is more cost effective and braces are more easily to apply than tape.
